US007894951B2

a2 United States Patent 10) Patent No.: US 7,894,951 B2
Norris et al. (45) Date of Patent: Feb. 22, 2011
(54) SYSTEMS AND METHODS FOR SWITCHING (58) Field of Classification Search ................. 70172,
BETWEEN AUTONOMOUS AND MANUAL 701/23, 41, 42, 43, 70; 180/400, 404, 443,
OPERATION OF A VEHICLE 180/444, 446
See application file for complete search history.
(75) Inventors: William Robert Norris, Rock Hill, SC (56) References Cited
(US); James Allard, Newton, MA (US);
Mikhail O. Filippov, Arlington, MA U.S. PATENT DOCUMENTS
(US); Robert Dale Haun, YOI'k, SC 4,155,417 A 5/1979 Ziems
(US); Christopher David Glenn Continued
Turner, Waterloo, 1A (US); Seth (Continued)
Gilbertson, Paso Robles, CA (US); FOREIGN PATENT DOCUMENTS
AnfireW Julian Norby, West Des DE 3404207 Al 5/1987
Moines, 1A (US) )
(Continued)
(73) Assignees: Peere & Compal.ly, Moline, IL (US); OTHER PUBLICATIONS
iRobot Corporation, Bedford, MA (US)
Yokokohyji et al, Operation Modes for Cooperating with Autonomous
* o : : : : Functions in Intelligent Teleoperation Systems, 1992, IEEE Interna-
(%) Notice: SubJeCt. to any dlSCIalmer’. the term of this tional Workshop on Robot and Human communication.*
patent is extended or adjusted under 35 i
U.S.C. 154(b) by 982 days. (Continued)
) Primary Examiner—Khoi Tran
(21)  Appl. No.: 11/584,087 Assistant Examiner—Spencer Patton
o (74) Attorney, Agent, or Firm—XKilpatrick Stockton LLP;
(22) Filed: Oct. 20, 2006 Jason D. Gardner
(65) Prior Publication Data (57) ABSTRACT
US 2007/0198145 Al Aug. 23, 2007 Systems and methods for switching between autonomous and
Related U.S. Application Data manual operation of a vehicle are described. A mechanical
>+ APP control system can receive manual inputs from a mechanical
(60) Provisional application No. 60/729,445, filed on Oct. operation member to operate the vehicle in manual mode. An
21, 2005, provisional application No. 60/729,388, actuator can receive autonomous control signals generated by
filed on Oct. 21, 2005, provisional application No. a controller. When the actuator is engaged, it operates the
60/780,389, filed on Mar. 8, 2006, provisional appli- vehicle in an autonomous mode, and when disengaged, the
cation No. 60/838,704, filed on Aug. 18, 2006. vehicle is operated in manual mode. Operating the vehicle in
an autonomous mode can include automatically controlling
(51) Int.CL steering, braking, throttle, and transmission. A system may
GO5D 1/00 (2006.01) also allow the vehicle to be operated via remote command.
(52) US.CL ..o 701/36; 701/23; 701/41;

701/70; 180/443; 180/444

29 Claims, 22 Drawing Sheets

102

117

|
Robolic

Power Supply|
126

oG | i
‘Wheel
112z Vehicle
~-—| Control Unit |-
[ 122 !

Control
System

124

Accelerator
Pedal
118

Tras
8 i

insmission
ystem
110
Gearshift Lever
FNR
120

——--— Low Lavel Cantrol
and Feedback
Robotic Leval Control
and Feedback

————— Power

Mechanical
Linkage



